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Abstract 
 
 
It is known that the fish farm industry is ever growing.                     
Theyaccountforover30%ofthefishconsumedintoday’sworld.                       
However there is also a growing issue of Eutrophicationdueto                     
theextranutrientsbeingaddedintotheaquaticecosystem.This                   
is causingproblemslikeharmfulalgalbloomsinallecosystems                   
and low dissolved oxygenconcentrationinecosystemsofshallow                 
water.Correspondingwiththesetwotypesofecosystems,thetwo                   
case studies taken under consideration are a shallow water                 
Danish fish farm and a deep water Norwegian fish farm. Both                     
ecosystems present different variables that will affect algal               
growth in the vicinity of the fish farms. The aim of this                       
project is to take four macroalgaes and analyze them, then an                     
educated assumption is made matching the algaes that best take                   
up the nutrient load from the fish farms in the conditions                     
presented by the case studies. The four algaes that are under                     
scrutiny are, A. esculenta, S. latissima, U. lactuca and C.                   
sericea. All of their assets will be taken into consideration,                   
including their nutrient sequestration, biomass, prefered           
salinity, temperature and depth conditions. 
To take account for all of the nutrients released by the                     
fish farms there will need to be 0.82 Kg of Alaria esculenta                       
grown to accountforalltheNdepositsand0.78Kgtotakeup                          
all of the P deposits per kilogram of fish. For Saccharina                     
latissimatherewillhavetobe1.56Kggrowntotakeupallof                           
theNand1.67KgtotakeupallofthePdepositedperkilogram                           
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of fish. A. esculenta and S. latissima are in ratios of dry                       
weight calculated based on the numbers from the Norwegian case                   
study, the numbers will vary for the Danish case study. Next,                     
therewillneedtobe0.647KgofUlvalactucatotakeupallof                             
thenitrogeninthewaterfortheNorwegiancasestudyand0.730                       
KgofUlvalactucatotakeupalltheNintheDanishcasestudy                            
per kilogram of fish produced. Then therewillneedtobe3.03                       
KgofUlvalactucatotakeupallofthePintheNorwegiancase                            
studyand2.77KgintheDanishcasestudyperkilogramoffish                         
producedbythefarms.LastlyCladophorasericeawillneed0.470                   
Kg to take up all of the N from the Norwegian case study and                           
0.530 Kg in the Danish case study. As for the excess P                       
Cladophora sericea will need to be producedataratioof2.39                       
Kg of seaweed to one kilogram of fish for the Norwegian case                       
study2.19KgofseaweedtoonekilogramoffishfortheDanish                         
case study presented. 
 
Usingthisinformationcomparedwiththedataprovidedfrom                 
the two case studies, it was concluded that the algaes Ulva                     
lactuca and Cladophora sericea are not effective in taking up                   
inorganic nutrientsintheareassurroundingfishfarmsatall.                   
In fact it would be surprising if they were able to even                       
survive. However, the algaes Alaria esculenta and Saccharina               
latissima would both thrive in the conditions provided by both                   
case studies. Although Alariaesculentawouldbemoreefficient                 
intakingupthenutrientloadintheNorwegiancasestudythan                       
Saccharina latissima would be,andSaccharinalatissimaismore                 
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effective in sequestering the nutrient load presented by the                 
Danish case study than Alaria esculenta.  
 
Knowing this information, there is a possibility of                 
bringing a new light on the industry of aquaculture. By using                     
macroalgae to get rid of the inorganic nutrients from                 
eutrophication it can allow for the growth of the aquaculture                   
industry which is already such an important source offoodall                     
around the world.   
 
 
 
   
5 
Alexander Kristensen 
Elijah Aighobahi 
Semester 1 Project 
2014/2015  
Introduction 
 
Aquaculture is a growing industry, it is said to be the                     
fastestgrowingsourceoffoodintheworld.Theindustrygrowth                     
ishigherthan10%ayear,andaccountsformorethan30%ofall                          
the worlds fish consumed today (Beveridge et al. 2002). Open                   
cage fish farming has been carried out in many different                   
countries over the years and this practice has since developed                   
steadily over the last few decades. For example the global                   
aquaculture production of marine Salmon salar and the rainbow                 
troutOncorhynchusmykissincreasedfrom0.92×106 tonsin1999                    
to 1.74 × 106 tons in 2009 (FAO,  2010).  
 
Opencagefishfarmingisatypeofaquaculturethattakes                    
placeintheopenwaterswithcagesthatallowwatertoflowin                         
and out with the regular ocean current. It is known that this                       
type of fish farming can have negative consequences at the                   
environment’s expense. However, there are different types of               
Aquaculture, some of which have little to no effect on the                     
environment. Recirculating Aquaculture System technology (RAS           
technology) is an indoor aquaculture system that filters their                 
fish tanks with mechanical drum filters, biofilters and other                 
heavy duty equipment. With the RAS technology they can produce                   
2000 tons of fish a year with a water consumption of 200L per                         
kilogramoffishwhiletheirwaterwasteisonly1%ofthat.It                         
is a very efficient system but it has a lot of expensive                       
equipment and the facility would cost millions of dollars to                   
build and that idea is very unattractive to mostfishfarmers.                     
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Sothemostabundanttypesoffishfarmsremaintobeopencage                         
even though the mostenvironmentallyfriendlyformcontinuesto                 
be the use of RAS technology. (AKVA Group. Sept. 12. 2014)  
 
The global aquaculture community is growing exponentially             
andasaresulttheamountofeffluentsbeingreleasedintothe                       
water increases as well. The excess feed and feces that are                     
releasedfromtheindustryoffishfarmingarethecauseofthe                       
increased levels of inorganic materials like nitrogen and               
phosphorus found in the ocean. This nutrient enrichment can                 
cause an increase in the growth ofmicroalgaewhichcanhavea                       
negativeeffectontheenvironment.Somemicroalgaecanbetoxic                   
andasaresultcancauseharmtotheecosystemfromthelayers                         
of toxic biofilm that they produce, while other microalgae can                   
cause harm from their accumulation in large scums with a high                     
biomass. These scums can cause mass mortality in the wild and                     
areas of fish farms duetotheirdensityonthesurfaceofthe                         
water,wheretheycanblocksunlightfromreachingtheorganisms                   
below. They do remove the inorganic nutrients from the water                   
like most autotrophs, however microalgae can not be harvested.                 
Theyservetheirwholelifecycleinthesealgalbloomsandwhen                       
they die they are decomposed by bacteria which can lower the                     
dissolved oxygen content along with many other tings. This                 
project is designed to review the effects of using macroalgae                   
through the idea of integrated multi­trophicaquaculture(IMTA)               
to counteract the dangers of nutrient loading that result from                   
open cage fish farms. 
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Problem Formulation 
 
How can Macroalgae be used in aquaculture to counter the                   
problem of nutrient loading? 
 
Research questions 
 
1.whichofthefourmacroalgaeswillbestcompensatefor                 
the excess nutrient loading provided by our two case                 
studies. 
2.how do the conditions provided by the case studies                 
affect the efficiency of the macroalgae to take up                 
inorganic nutrients.  
 
Nutrient Loading 
 
The rapid expansion of the aquaculture industry has               
raisedconcernabouttheamountofsolidanddissolvednutrients                   
releasedintotheaquaticenvironment.Opencageaquaculturecan                 
release aconsiderableamountofbiogenicwastesuchasorganic                   
and inorganic materials that are generated throughout the life                 
cycles of the fish (Troell & Noberg. 1998; cheschuck et al.                     
2003; vassalloetal.2006).Fishfarmingreleasesnitrogen(N)                   
and phosphorus (P) as inorganic waste and are released through                   
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the dissolution of the solid feces and excess feed produced                   
(Olsen & Olsen 2008). These different nutrients have the                 
potential to affect the marine ecosystem. Inorganic nutrients               
such as the dissolved nitrogen and phosphorus are readily                 
available for microalgae, as discussed later, as a result of                   
eutrophication and the uneaten feed sinks rapidly and may                 
accumulate in sediments on the bottom of the ocean (Troell et                     
al.&Olsen2008).Thefaecalmatterontheseafloor(cromeyet                      
al. 2002, Olsen 2008, Nickell et al,2009)willbeconsumedby                       
filter feeding zooplankton, bacteriaorvisualfeeders,suchas                 
fish.Thiscancauseaproblemwithdissolvedoxygencontenton                     
theoceanbed,howeverthisisonlyanissueinareaswherethe                         
fish farm is located close to the ocean floor (Olsen & Olsen                       
2008,Troelletal.2009).Thenitrogenandphosphorusthatare                     
dissolvedfromfeedandfaecalparticlesmaybepartofsmallN                      
and P containing molecular species like amino acids and                 
nucleotides, but is mostly comprised of complex dissolved               
chemical compounds that are available for bacteria and               
microalgaeoveralongertimescale(Palenik&Morel1990,Fanet                   
al. 2003,Stoecker & Gustafson 2003). Areas saturated with open                 
cage fish farming become very rich in inorganic materials. An                   
example of this is the release of a material like ammonium,                     
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which is a source of inorganic nitrogen resulting from the                   
protein metabolism of fish. (ahn et al. 1998; Sandersonetal.                     
2008). Figure one shows the release of             
nitrogen in kg/month with a sample size of               
1000 tons of salmon in a 24 month cycle.                 
Figuretwo showstherelationshipbetweenthe             
concentration of Nitrogen and Phosphorous is           
mutual and as the concentration of one             
increases so does the concentration of the             
other. Thecombinationofthetwofigurescan               
tell us that it can be expected to have                 
similarresultsforthegraphrepresentingthe             
concentration of phosphorous discharges from         
thefishfarmsifthesamplesizeisthesameandoverthesame                           
time period. 
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Problems with nutrient loading 
 
The results of nutrientloadingcanbedetrimentalto                 
the environment. The presence of having excess N and P in the                       
ocean cancausemicroalgaetogrowinabundance.Microalgaeare                   
photosyntheticorganisms,solikeanyplantstheyneedinorganic                 
nutrientslikeNandPtothriveandsurvive.Withanexcessof                        
nutrients thatareintroducedintotheecosystembyanexternal                   
sourcetheycanmake“alarge,deep,nutrient­poorlake”(Donald                   
et al. 2002) start to have more plant life like algae blooms.                       
These harmful algal blooms (HAB) are a concern because it is                     
thought that the HAB’s can accelerate the process of                 
eutrophication. As the blooms decay they are decomposed and                 
release the inorganic nutrients back into the ecosystem for                 
other microalgaetoutilize(Wetzel.1983).Also,insomeareas                   
ofshallowoceanwaterandinlakes,whenthealgaefallstothe                         
bottomoftheoceanandisdecomposed,itcancauseissueswith                       
the dissolved oxygen content causing death to the aquatic life                   
that thrives in that ecosystem. Death can also come from the                     
algal bloomsbecausesomealgaespeciesareverytoxic,causing                   
deathinbloomsofjustafewhundredcells.Anexampleofthis                         
is the blue­green algae called Microcystis aeruginosa that can                 
cause harm to both humans and wildlife. In additionthetoxins                     
can leak into nearby water supplies and cause an even bigger                     
problem for the public. The blooms that do not produce toxic                     
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biofilms are also very dangerous because they can cause death                   
duetoahighbiomassandtheirabilitytoblockoutsunlightto                        
theunderwaterecosystem.Furthermore,inareasofhumanleisure                 
theycanimpedeactivitiessuchasswimming,boatingandfishing                   
(Donald et al. 2002; Wetzel. 1988; Environment Canada).  
 
Allinall,Themostgeneraldefinitionofremineralization                 
/eutrophication is "the process of increasedorganicenrichment               
of an ecosystem, generally through increased nutrient inputs”               
(Nixon. 1995). The increased external nutrient inputs for               
eutrophicationinthiscasearethefish,theirfecesandtheir                     
uneaten food. However eutrophication can also be looked at as                   
thetheresultscomingfromtheexternalnutrientinputs.Inthe                     
case of this project the issues with eutrophication are the                   
resulting harmful algal blooms (HAB) that can cause damage to                   
theecosystemanddeathinaquaticanimals,aswellastheissue                       
of decreased dissolved oxygen (DO) on the ocean floor killing                   
anyorganismsthatthrivesoffthebottomoftheocean.However                     
the issue of DO concentration may be detrimental to the                   
ecosystem on the depths of the sea but it does not affect the                         
fishfarmsinareaswherethewaterisverydeepwhereasHABare                         
a problem in all areas with an increased level of inorganic                     
nutrients.  
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Case Studies 
 
The two case studies taken under advisement are a deep                   
waterfishfarmlocatedinNorwegianwaters,andashallowwater                    
case study located off the coast of Denmark. The two studies                     
have different conditions that the algaes will have to survive                   
and thrive in.  
  
Norway 
 
In the 2011 Norwegian case study, the fish farm produced                   
1,118,341 tons of fish and used 1,286,092 tons of feed. From                     
this,theaveragepercentageofinorganicnutrientsreleasedwas                 
62% Nitrogen and 70% Phosphorous of the total N and P input.                       
This results in approximately 29.49 +/­ 4.20 grams of N and                     
2.26+/­ 2.25 grams of P per kilogram of fish (Norwegian                   
Directorate of Fisheries, 2011; Wang et al. 2012; Reid et al.                     
2013). Alongwiththeinformationabouttheinorganicwastethe                   
fish farms are releasing, information about the environmental               
conditionsarecrucialaswell.FromtheNorwegiancasestudyit                     
isdeterminedthatthesalinityis<34.5%andcandropto27.3%                       
inAugustandthenpeaksto33.6%inthewintermonths.However,                       
nomatterthemonthoftheyearorthedepthofthewater(upto                             
~10mdeep)thetemperaturemostlystaysthesame.Itisrecorded                     
that the temperature stays within a range of 8degreescelsius                     
to 5.9 degrees celsius for most oftheyear(Aleksanderetal.                       
2013).Thetotaldepthofthefishfarm,aspresentedinFigure                       
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6 under “Overview” can be anywhere from 200m to 1000m deep,                     
leaving room for currents to come andfiltertheDOcontentof                       
thewaterintheareatomakesurethatthatisneveraproblem                          
forthefishfarmsinthearea.Figure3showstherelationship                      
between temperature and salinity over a 14 month cycle within                   
the vicinity of a salmon fish farm.  
 
Denmark 
Danish open cage aquaculture has beenindustrializedsince               
1955. Most of the fish farms focused on the production of the                       
Rainbowtrout(Havbrugsudvalget,2003).Howeverpresently,there             
are 18 marine fish farms in Denmark,whichproducedatotalof                      
about 10 000 tons of fish in 2010. (Danish ministry of                     
environment). Fig. 4 shows the locations of the marine fish                   
farms in Denmark, with most of this farms located in the                     
Kattegat and sound zealand regions.  
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The DanishcoastalareacomprisesoftheKattegat,andthe                   
beltseaknownastheDanishstraits,itisashallowtransition                      
that cuts across the brackish Baltic Sea and the high saline                     
Skagerrak or the North sea. It is a coastal ecosystem with an                       
estuarine feature having a permanent halocline located at 15 m                   
depth  (Jakobsen, F et. Al.). 
ThewatersintheKattegatisamixtureoftheinflowfrom                       
the North Sea through the skagerrak waters and thebalticsea.                     
(GunniÆrtebjergetal.).TheKattegatregionhasasurfacearea                    
ofabout21100km,watervolumeof455km3 withanaveragedepth                         
of 22 m. Which is relatively smallwhencomparewiththeNorth                       
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sea, skagerrak and the baltic sea. The kattegat waters has a                     
salinity which range from 20 to 26% and the winter surface                     
temperature of 4oc and 17oc in the summer.(Aarup 1994). 
Most marine fish farms in denmark are locatedinshallow                     
areas with adepthrangingfrom12­30metersandmanyofthe                          
fish farms are located along the kattegat region and sounds                   
zealand (peterson 2014). 
   
 
Figure 5 shows the comparison between the amount of feed                   
used and fish produced by Danish opencagefishfarmsfromthe                       
year 1989 to 2003. To estimate the amount of Nitrogen and                     
phosphorus released from an open cage fish farm in Denmark, a                     
case study from one ofthetopmarinefishfarminDenmarkwas                         
taken into account. The farm is located in the shallow waters                     
close to the island of musholm and they have another farm                     
located 1­5 kilometer west of musholm at a depth of 10­15                     
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meters.(Birklund2001).In2003,Thefishfarmrecordedatotal                    
production of 947 tons of fish, used 1073 tons of feed,                     
releasing 36 tons of N and 3.9 tons of P (punktkilder                     
Vestsjællands Amt. 2003). This means that out of 947,000                 
kilogramsoffishthefishfarmuses1,073,000kilogramsoffeed                     
and releases 36,000 kilograms of N and 3,900 kilograms of P.                     
From this it can be calculated that there is approximately 38                     
grams of N and 4.12 grams of P released per kilogram of fish. 
 
Overview 
 
The problem with the shallow water is that when the                   
feed or feces fall to the bottom of the ocean, they are                       
decomposed by bacteria and the bacteria use up most of the DO                       
while releasing inorganic nutrients at the same time               
(Environment Canada). The low DO content in areas of shallow                   
watercauseissuesbecausetheoceanfloorwheretheDOcontent                     
is really lowisveryclosetothefishfarmandthefishneed                           
the oxygen to survive. Furthermore, due to the shallow waters                   
there is no strong current to bring in water with a higher DO                         
concentration and flush out the water with lower DO                 
concentration like there would be in the Norwegian case study. 
  
 
Figure 6 shows the depths of the coastal area of norway                     
compared to the coastal area of denmark.Bothofwhicharethe                       
areas our case studies are located in. The area of norway is                       
assumed to have a depthof200m­1000m,whileourdanishcase                         
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studyshowsonthemaptobelessthan200m.Butasreviewedin                           
ourdanishcasestudythedepthofthecoastalareawheremarine                       
fish farms are located is a mere 12 ­ 30m deep. 
 
Approximately21%ofthePand45%oftheNaredistributed                     
as dissolved inorganic nutrients, which can be absorbed by                 
microalgae and macroalgae, both are photosynthetic organisms             
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thatutilisetheinorganicnutrients.Aswellthereis44%Pand                      
15%Nthataredistributedinsolidparticleform(Handaetal.                      
2012;Redmondetal.2010),whichcanbedecomposedbybacteria                     
throughremineralizationorfilteredbymusselsasitfallsfrom                   
the fish cages to the ocean bed releasing more inorganic                   
nutrients (cloern 1982, et. al), these are general percentages                 
and may change depending on the environmental conditions. 
  
As presented above, there are a lot of extra inorganic                   
nutrients being added to the ecosystem, this means that will                   
need to be a way to counter the extra nutrient overload                     
presentedbytheindustryoffishfarming.Itisknownthatboth                       
macroalgae andmusselshelptakeuptheinorganicnutrientsbut                   
isthereapointinaddingevenmoreorganismstoanecosystem?                       
The system of integrated multi­trophic aquaculture (IMTA)             
explainsthebenefitsofusingmusclesandmacroalgaetotakeup                     
the excess nutrients in the ocean.   
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IMTA 
 
A trophic level is a scientific name for afeedinglevel,                     
so multi­trophic means two or more feeding levels. Therefore                 
IMTA is an ideal that uses theremainderofonefeedinglevel,                       
in this case the fish in the fish farms, to feed a second or                           
even third trophic level, in this case Macroalgae or mussels.                   
IMTA in open cage fish farming uses macroalgae to uptake the                     
dissolved inorganicnutrientsthatcomefromthefishwasteand                   
feed such as N and P. The macroalgae is then harvested and                       
distributed for various purposes. Saccharina latissima is             
harvested in Norway and sold as sugar kelp while P. yezoensis                     
aka Nori issoldascommonsushiseaweedandisacropofhuge                          
importanceinJapanandChina(Forbordetal.2012;TheSeaweed                     
Site:informationonmarinealgae;Neorietal.2004;Chopinet                     
al. 2001; Neori et al.2007). IMTA relationship works so well                   
because the limiting factor for normal seaweed growth is the                   
lackofnitrogenandphosphorousineverydayoceanwater(Dring.                   
1991; LobbanandHarrison.1996).IMTAisamutualrelationship                   
between two trophic levels, and helps the fish farmersgetrid                     
of the inorganic nutrients that is preventing them from                 
expanding their industry, along with providing a little extra                 
income on the side (Reid et al. 2009; Ridler et al. 2007).                       
Macroalgae is not the only source of IMTA however,musclesare                     
also an important factor in getting rid of inorganic nutrients                   
in the ocean and can also beharvestedandsoldforcommercial                       
use.  
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 Mussels  
 
Mussels have been taken into account as a middleman                 
solution to the problem of nutrient loading because they help                   
filterahighvolumeofwaterthatmayconsistofmicroalgaeand                      
other suspended particulate matterlikefeedandfeces.(cloern                 
1982, et. al). Mussels help reduce the accumulation of                 
microalgae on the water surface and increase light penetration                 
for submerged aquatic plants and animals (maar et al. 2010).                   
Suspension feeding Mussels feed on the particulate matter by                 
taking in water through their inhalant siphon and across their                   
gill. The suspended particles are caught by the grill and are                     
takenoutofthewaterbeforeitisreleasedbackintotheocean                         
bythemusselsexhalantsiphon.Theamountoffeedtheytake­in                     
isamorphologicalrestrictionoftheirgutvolume,thetimeof                     
digestionandtheretentionabilityoftheirgills(Bayne1998).                   
Anexampleofthisisthebluemussels,Mytilusedulis,theycan                       
filter particles of appropriate size between 2 µm and 1000 µm                     
and they have high retention efficiency when they feed on                   
particlesgreaterorequalto4µm(Møhlenberg&Riisgård1978,                     
Reid et al. 2009). Mussels can grow more consistently in                   
environments with high amounts of nitrogen and phosphorus as                 
these organic nutrients are used increasingly as a food source                   
for their growth. However, their growth can be influenced by                   
other factors as well, such as the concentration of the                   
dissolved salt in the environment, the level of oxygenandthe                     
speed of the ocean current (Gosling 1992 et al.).  
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The blue mussels are recognised as a good example of                   
integrated multi­trophic aquaculture (IMTA) because they can             
survive in a wide variety of different environments that fish                   
farms can be located (Gosling 2003). Mytilus edulis is known                   
today as the common edible mussel as suggested by its latin                     
name. edulis, which is latin for edible and Mytilus which is                     
latin for mussel at sea. The farming of Mussels close to fish                       
farms has been proposed as one of the ways to the improve                       
coastal water quality problem that is associated with the                 
nutrient enrichment of the ocean (edebo et al). 
 
Of course mussels can be an important factor intakingup                     
inorganicnutrients,howeverinthisprojectthefocusisonthe                     
macroalgaeandthepotentialforthatalgaetotakeupinorganic                     
nutrients. The Macroalgaes that will be taken under               
consideration are Alaria esculenta, Saccharina latissima, Ulva             
lactucaandCladophorasericea.Thesealgae’spropertieswillbe                 
reviewedandmatchedtowhichofthemwill bestcompensatefor                     
theexcessnutrientloadingprovidedbyourtwocasestudiesand                     
how do the conditions provided by the case studies affect the                     
efficiency of the macroalgae to take inorganic nutrients.  
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Macroalgae 
 
Macroalgae can be planted in close proximity to the fish                   
farms to take up any unwanted inorganic material produced, but                   
then harvested and sold for commercial use. The macroalgae are                   
strungfromlonglinesonthesurfaceoftheoceanastoholdthe                         
seaweed steady so it does not flow away with the current and                       
stays in the optimal nutrient zone around the fish farms. The                     
longlines are also used so the macroalgae continue to grow at                     
the rightdepths.Thisisveryimportantbecausethemacroalgae                   
are photosynthetic so to make good use of the nitrogen and                     
phosphorous that they consume they need sufficient sunlight               
(Dring. 1991; Lobban and Harrison. 1996). With nutrient               
pollution as high and the conditions presented in the case                   
studies,afewdifferenttypesofmacroalgaeshouldbereviewed.                  
Also the percentage of salinity in thewaterisrelatedtothe                       
amount of different species that are able to survive in the                     
environment. The higher the salinity the more kinds of species                   
that can grow (Lea et al. 2012).Figure7representsthis,the                       
graph shows areas of high salinity to low salinity (left to                     
right) starting with kattegat from our danish case study                 
comparedtothenumberofspeciesthatgrowinthearea(figure                       
translated from Dahl et al. 2003). 
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A. esculenta 
 
Alariaesculentaisabrownseaweed,whichiscommonly                
calledEdiblewings,itbelongstothefamilyAlariaceaeandin                     
theorderoflaminarialesalsoknownasKelps.Itisaperennial                      
seaweed that cangrowupto4minlength(Guiry,1997).Itis                          
an arctic Kelp that can not survive in high summer due to a                         
temperature above 16 oC (Munda luning 1977). Compared to S.                   
latissima the nutrient sequestration of A. esculenta is two                 
times higher (Reid et al. 2013). 
 
The amount of A. esculentaneededtotakeinalltheN,P                         
and C that the average fish farm releases, in a mean ratio of                         
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kilograms of seaweed wet weight (WW) to kilogram of fish is                     
approximately 6.7 +/­ 1.5:1 for N and 4.8 +/­ 3.0:1 of P. In                         
thisprojecthoweveritissmarttousethekilogramofseaweed                       
dry weight (DW) to kilogram of fish (Reid et al. 2013). To                       
calculate this it first needs to beknownthatonaverage,the                       
approximate percentage of DW compared to WW is about 10%                   
(Westlake, D.F. 1965) For the amount of seaweed neededtotake                     
upalloftheN,itissmarttotaketheabsolutehighestvalue                           
as to not leave any room for the possibility of leftover                     
nutrientsleftbythemacroalgae.So,thismeansthatif8.2Kg                       
of Alaria esculenta per kilogram of fishWWneedstobegrown,                       
then, still assuming that 10% of this is equal to what would                       
need to be produced in terms of DW it would be equal to 0.82                           
Kilograms ofAlariaesculentaDW:1KilogramofFishproducedby                   
the fish farms to account for the excess N. For the amount of                         
seaweed needed to be grown to take up all of the P, theratio                           
7.8 Kg of A. esculenta WW: 1 Kg of fish (again, using the                         
maximumratio)willagainbemultipliedby0.10tocalculatethe                     
10%oftheWWthatisequaltotheDryweightthatisneededto                             
takeuptheP.Thiswillbeequalto0.78KgofAlariaesculenta                           
DW:1 Kg of fish.   
 
S. latissima  
 
S. latissima can grow in a wide range of temperature and                     
light conditions but thrives best when it is planted in the                     
August cycle at a depthof5meters,aspresentedinFigure8,                        
and in a temperature rangeof10­15degreescelsius.Andthe                        
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culture densities of S. latissima are 1.5 times greater than                   
that of A. esculenta but when weighed the wet weight of S.                       
latissimaisreducedby1­1.5times.ThismeansthatalthoughS.                     
latissima can grow in areas with greater nutrient density they                   
cannotsequesterorholdasmanynutrientsasAlariaesculenta                     
(Reid et al. 2013).  
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For S.latissimatheaverageamountofseaweedinkilogram                   
ofwetweightthatisneededtotakeuptheaverageamountofN                          
and C that the fishfarmsreleaseperkilogramoffishis12.9                         
+/­ 2.7:1 kilograms of Nand10.5+/­6.2:1kilogramsofP.Of                         
coursethisisinKgofWWagain,andwillneedtobeconverted                           
toKgofDWusingthesamemethodsasusedincalculatingAlaria                         
esculenta.Consideringthatapproximately10%oftheWWisequal                   
to the DW it can be calculated that from 15.6 kilograms of                       
SaccharinalatissimaneededtotakeupalloftheNproducedby                      
1 Kg of fish, There will need to be 1.56 Kg of Saccharina                         
latissimainDWtosequesteralloftheN.Justthesameforthe                           
RatioofKgSaccharinalatissimaneededtotakeupalloftheP,                         
theratioof16.7Kg:1Kgwillbemultipliedby0.10totransfer                         
the Kg WWintoKgofDW.Aftercalculatingthisitcanbeseen                           
that to take up all of the P produced by the fish farmsthere                           
willneedtobe1.67KgofSaccharinalatissimaDWperkilogram                       
of fish produced by the fish farms. The numbersforSaccharina                     
latissima and Alaria esculenta are calculated from the               
information based on the Norwegian case study and will vary                   
slightly based on the Danish case study.   
 
U. lactuca  
 
U. Lactuca has a maximum growth rate between the                 
temperatures of between 12 ­ 18 degrees celsius (Steffensen,                 
D.A. 1974. Steffensen, D.A. 1976)  
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Ulvalactucaisknownasthesealettucealgae.Itisgiven                       
thisnameforitsresemblancetothelettucethatpeopleconsume                     
daily.IthasaC:N:Pratioof336:35:1respectively.Thismeans                    
thatforeveryunitofPintakeithastointake35unitsofN                            
and336unitsofC(Atkinson,M.J.SmithS.V.1983).Usingthis                      
information it is possible to calculate the amount of Ulva                   
lactuca that will need to be grown in Kg of DWtotakeupthe                             
nutrients from the two case studies.  
● Norway 
 
FirstofalltheamountofU.lactucaneededtotakeupthe                         
N and P depositions from the norwegian case study will be                     
calculated.Todothisitneedstobeknownthattheapproximate                       
biomassofamacroalgaeis50%carbon(Werst,M.D.etal.2010).                      
Knowing this it can calculated that from a C:N:P ratio of                     
336:35:1, the C:N ratio is 9.6:1. However due to the biomass                     
equaling approximately 50% carbon 9.6:1 is equal to 19.2:1. So                   
using the maximum concentration of N released from the case                   
studyitcanbedeterminedthattotakeup33.69gramsofNthe                          
ratio would need to be 646.8480 grams of C: 33.69 grams of N,                         
Thusconcludingthattotakeupallofthenitrogenproducedby                       
thefishfarmsperkilogramoffish,therewillneedtobe0.647                         
KgofUlvalactucaproduced.TocalculatetheamountofPneeded                      
totakeupallPproducedperkilogramoffish,thesamemethod                        
will be used.AC:Pratioof336:1,thismeansthatduetothe                          
biomass equalingapproximately50%carbontheratioisequalto                   
672:1. The maximum concentration of P released from the                 
Norwegian case study is 4.51g,meaningthattotakeupallof                         
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thePtheratiowouldbe3030.72gofC:4.51gofP.Thismeans                          
thattotakeupallofthePproducedperkilogramoffishthere                          
will need to be 3.03 Kg DW of Ulva lactuca produced. 
 
● Denmark 
 
Next the amount of Ulva lactuca in DW neededtotake                     
up the nutrients of the Danish case study will need to be                       
reviewed. From a C:N:P ratio of 336:35:1, the C:N ratio is                     
9.6:1. However due to the biomass equaling approximately 50%                 
carbon 9.6:1 is equal to 19.2:1. So using the maximum                   
concentration of N released from the case study it can be                     
determined that to take up the 38 grams of N the ratio would                         
needtobe729.6gramsofC:38gramsofN.Thusconcludingthat                           
to take up all of the nitrogen produced by the fish farms per                         
kilogramoffish,therewillneedtobe0.730KgofUlvalactuca                         
produced.NexttheamountofUlvalactucaneededtotakeupall                       
P produced per kilogram of fish will need to be calculated. A                       
C:Pratioof336:1,thismeansthatduetothebiomassequaling                       
approximately 50% carbon the ratio is equal to 672:1. The                   
maximum concentration of P released from the Danish case study                   
is4.12g,meaningthattotakeupallofthePtheratiowould                            
be2768.64gofC:4.12gofP.Thismeansthattotakeupallof                             
the P produced per kilogramoffishtherewillneedtobe2.77                         
Kg DW of Ulva lactuca produced. 
  
 
C. sericea 
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Accordingtoamaiamicasestudy,C.sericeagrowmost                  
abundantlyatadepthof9­10metersbutcangrowwithasurface                       
cover of >20% at depths of 34 meters. The conditions in miami                       
present low salinity of approximately 20% and a high nutrient                   
concentration. From this case study it can be assumed that C.                     
sericea grows best underhighnutrientconditions,lowsalinity                 
and warm water (Jennifer, E.S et al. 2005). 
 
CladophorasericeahasaC:N:Pratioof265:38:1.Thelower                  
amountofcarbonintheratiocanbeassumedtobearesultofa                           
lower massthanUlvalactuca(Atkinson,M.J.Smith,S.V.1983).                   
UsingtheC:N:Pratiofromthismacroalgaeitcanbedetermined                     
howmuchDWofCladophorasericeawillbeneededtoaccountfor                       
the deposition of nutrients from the fish farms in the case                     
studies. 
 
● Norway 
 
First the amount of Cladophora sericea needed to take up                   
the N and P depositions from the norwegian case study will be                       
calculated. To do this it will need to be recalled that                     
approximately 50% of the plants biomass is carbon (Werst, M.D.                   
etal.2010).Knowingthisinformationitcanbecalculatedthat                     
from a C:N:P ratio of 265:38:1, the C:N ratio is 6.9737:1.                     
However due to the biomass equaling approximately 50% carbon                 
6.9737:1 is equal to13.9474:1.Usingthemaximumconcentration                 
of N released from thecasestudyitcanbedeterminedthatto                         
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take up 33.69 grams of N the ratio would need to be 469.8868                         
gramsofC:33.69gramsofN.Thisconcludesthattotakeupall                           
ofthenitrogenproducedbythefishfarmsperkilogramoffish                       
there will need to be 0.470 Kg of Cladophorasericeaproduced.                     
To calculate the amount of P needed to take up all the P                         
produced per kilogram of fish by thecasestudy,theC:Pratio                       
of265:1willbeconsidered.Consideringwhatisknownaboutthe                     
biomass equaling approximately 50% carbon, the ratio will be                 
equalto530:1.ThemaximumconcentrationofPreleasedfromthe                    
Norwegian case study is 4.51g,meaningthattotakeupallof                         
the P from the Norwegianfishfarmtheratiowouldbe2390.3g                         
ofC:4.51gofP.Itcanthenberesolvedthattotakeupallof                              
the P produced per kilogramoffishtherewillneedtobe2.39                         
Kg DW of Cladophora sericea produced. 
 
● Denmark 
 
Now the amount of Cladophora sericea in DW needed to                   
take up the nutrients oftheDanishcasestudywillneedtobe                         
reviewed. From a C:N:P ratio of 265:38:1, the C:N ratio is                     
6.9737:1. However due tothebiomassequalingapproximately50%                 
carbon 6.9737:1 is equal to 13.9474:1. With the information of                   
the maximum concentration of N released from the Danish case                   
studyitcanbedeterminedthattotakeupthe38gramsofNthe                            
ratiowouldneedtobe530.0012gramsofC:38gramsofN.Thus                           
concludingthat,totakeupallofthenitrogenproducedbythe                       
fishfarms,therewillneedtobe0.530KgofCladophorasericea                       
produced per kilogram of fish. Next the amount of Cladophora                   
31 
Alexander Kristensen 
Elijah Aighobahi 
Semester 1 Project 
2014/2015  
sericeaneededtotakeupallofthePproducedperkilogramof                        
fishwillbecalculatedusingtheC:Pratioof165:1,thismeans                       
that because of the biomass equaling approximately 50% carbon                 
the ratio is equal to 530:1. The Danish case study produces a                       
maximumPnutrientpollutionof4.12g,meaningthattotakeup                       
allofthePtheratioof530:1wouldbemultipliedby4.12gas                           
to see how much Cladophora sericea will need to be produced.                     
Afterdoingthisitcanbeseenthattheratiowouldbe2183.6g                          
of C:4.12 g of P. This means that to take up all of the P                             
produced per kilogram of fishtherewillneedtobe2.19KgDW                         
of Cladophora sericea produced. 
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Discussion 
 
The information gathered about the four macroalgaes above               
weretakenfromvariousarticlesandthencalculatedtofitthe                     
format that is required. The numbers calculated are always                 
roundedupastoaccountforallofthepossiblenutrientsthat                       
have been released by the fish farms. Also it is important to                       
keep in mind that these numbers are not exact and may vary as                         
the conditions and weather patterns around the world are                 
changing daily, along withoceanwaterproperties.Thenumbers,                 
however are calculated as accurately as is possible with the                   
information gathered. Keeping this in mind, let's review the                 
information gathered in order to make an assumption concerning                 
our two research questions.  
 
Firstofall,whatofthefourmacroalgaesbestcompensates                   
for the excess nutrient loading presented by our case studies.                   
To understand this, it is required to have a look at the                       
conditionsthatourtwocasestudiespresentinamorecondensed                    
easy to understand format.  
 
Norwegian case study 
 
❖ 1,286,092 tons of feed 
❖ 1,118,341 tons of fish 
❖ Salinity between 27.3% ­ 34.5% 
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❖ depth between 200­1000 meters 
❖ Water temp can go as high as 14 degrees, but ranges between                       
8 ­ 5.9 degrees celsius on a regular basis 
❖ 29.49 +/­ 4.20 grams of N released per kilogram of fish                     
(33.69 grams) 
❖ 2.26 +/­ 2.25 grams of P released per kilogram of fish (4.51                       
grams) 
 
For the sake of making comparisons easier the maximum                 
amountofnutrientsreleasedperkilogramoffishwillbetaken                     
intoconsideration.Thismeansthatthenumbers33.69gramsofN                    
and 4.51 grams of P will be used, just as it was in our                           
calculations. 
 
Danish Case study 
 
❖ 1,073 tons of feed 
❖ 947 tons of fish 
❖ 36 tons of N and 3.9 tons of P 
❖ Salinity between 20 ­ 26% 
❖ Water temp 
➢ Summer it can peak at as high as 17 degrees celsius  
➢ Winter it can drop to as low as 4 degrees celsius 
❖ 38 grams of N released per kilogram of fish 
❖ 4.12 grams of P released per kilogram of fish 
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Now that all of the information from the casestudiesare                     
allcompactandeasiertounderstand,thesameneedstobedone                       
for the macroalgaes.  
 
Alaria esculenta 
 
❖ Perennial 
❖ Can grow up to 4 meters in length 
❖ Thrives in temperatures below 16 degrees celsius 
❖ Nutrient sequestration is two times that of Saccharina               
latissima 
❖ Needs to be 0.78 Kg of Alaria esculenta to take up the N                         
released from one Kg of fish 
❖ Needs to be 0.82 Kg of Alaria esculenta to take up all the P                           
released from one Kg of fish 
 
Nutrientsequestrationmeansthatitcansequester,orholdmore                   
nutrients than that of Saccharina latissima, this can be an                   
important factor in areas of a really intense nutrientloadif                     
you need to take up the nutrients quickly. 
 
Saccharina latissima  
 
❖ Can grow in a wide range of temperature and light conditions 
❖ Best in the august cycle (figure 8) 
❖ Grows best at a depth of 5 meters (Figure 8)  
❖ Optimum growth temperature of 10 ­ 15 degrees celsius  
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➢ Also can grow at temperatures as low as 5.9 degrees                   
celsius 
❖ Saccharina latissima can grow in culture densities that are                 
1.5 times greater than that of Alaria esculenta but has a WW                       
from 1 ­ 1.5 times less 
❖ Needs to be 1.56 Kg of Saccharina latissima to take up all                       
the N released from one Kg of fish 
❖ Needs to be 1.67 Kg of Saccharina latissima to take up all                       
the P released from one Kg of fish  
 
ThefactthatSaccharinalatissimacangrowinculturedensities                   
thatare1.5timesgreatercouldmeanthatitcangrowinareas                         
thatareevenricherinnutrientsthanthatofA.esculentabut                       
itcannotholdasmanynutrientsduetothefactthatnutrient                         
sequestration from Alaria esculenta is two times greater.  
 
Ulva lactuca 
 
❖ C:N:P ratio of 336:35:1 
❖ Prefers a temperature of between 12 ­ 18 degrees celsius 
❖ Norway 
➢ 0.647 Kg of Ulva lactuca needed to take up the N                     
released from one Kg of fish 
➢ 3.03 Kg of Ulva lactuca needed to take up all the P                       
released from one Kg of fish 
❖ Denmark 
➢ 0.730 Kg of Ulva lactuca needed to take up all the N                       
released from one Kg of fish 
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➢ 2.77 Kg of Ulva lactuca needed to take up all the P                       
released from one Kg of fish 
 
Cladophora sericea 
 
❖ prefers a higher water temperature based off a Miami case                   
study 
❖ Prefered depth of 9 ­ 10 meters, but can grow as deep at 34                           
meters with a surface cover of >20% 
❖ likes to grow at a salinity of about 20% 
❖ Norway 
➢ 0.470 Kg of Cladophora sericea needed to take up                 
the N released by one kilogram of fish 
➢ 2.39 Kg of Cladophora sericea needed to take up all                   
the P released by one kilogram of fish 
❖ Denmark 
➢ 0.530 Kg of Cladophora sericea needed to take up                 
the N released by one kilogram of fish 
➢ 2.19 Kg of Cladophora sericea needed to take up the                   
P released by one kilogram of fish 
 
Andthenusingallofthiscondensedinformationitispossible                     
to solve the research questions formulated.  
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Results 
 
1.which ofthefourmacroalgaeswillbestcompensateforthe                   
excess nutrient loading provided by our two case studies. 
2.how do the conditions provided by the case studies affect                   
the efficiency of the macroalgae to take up inorganic                 
nutrients. 
 
Toanswerthefirstresearchquestion,theinformationfrom                 
above will need to be utilized. The least amount of seaweed                     
neededtotakeupthenutrientsisidealforafishfarmerasit                          
makes the process go quicker and with less extra biomass.                   
However an algae farmer may have a different perspective, but                   
the focus of this projectisonthefishfarmerssothealgaes                         
thatmostefficientlytakeuptheextranutrientsthatthefish                     
farms emit into the environment will be the focus.  
 
To start, it is wise to eliminatethealgaesthatwilldo                       
the worst job of taking up nutrients effectively. These algaes                   
areUlvalactucaandCladophorasericea.Theyareveryefficient                   
at taking up inorganic N in the water with a ratio of                       
0.647/0.730KgofUlvalactuca:1Kgoffishand0.470/0.530Kg                       
ofCladophorasericea:1KgoffishfortheNorwegianandDanish                     
case studies respectively. But unfortunately both algaes are               
verypoorattakingupinorganicPfromthewatercominginata                         
huge ratio of 3.03/2.77 Kg of Ulva lactuca:1 Kg of fish and                       
2.39/2.19 Kg of Cladophora sericea:1 Kg of fish for the                   
Norwegian and Danish case studies respectively. Due to this                 
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large ratio of Kg of seaweed to Kg of fish it is very                         
inefficient to use either of these algaes to take up the                     
inorganicnutrientsreleasedbythefishfarms.IftheNratios                    
are only considered then the excess P in the water will be                       
completely ignored and will continue to corrode away at the                   
ocean ecosystem. Alternatively if the P ratios are only                 
considered then there will need to bealotofalgaeproduced,                      
resulting in alltheNbeinguseduplongbeforealloftheP,                           
starving the algaes of the essential N nutrients that they                   
require. After reviewing all of this information it is very                   
unlikely that these two algaes will even survive in these                   
environments, nevermind effectively taking up the inorganic             
nutrients released by the fish farms both in the Danish case                     
study and the Norwegian one.  
 
Next the algaes that have potential to effectively and                 
efficiently take up nutrients from the ocean water. These two                   
algaes are Alaria esculenta and Saccharina latissima. Alaria               
esculentawillneedtobegrownatarateof0.78Kgofseaweed                          
DW:1KgoffishproducedtotakeupalloftheP,and0.82Kgof                               
seaweed DW:1 Kg of fish produced to take up all of the N                         
released.FromthisitcanbeconcludedthatAlariaesculentais                     
more effective taking up P than it is N. It is also very                         
important that the two ratios are very close meaning as                   
discovered whenreviewingthealgaesU.lactucaandC.sericea.                   
AsforSaccharinalatissimatherewillneedtobe1.67Kgofthe                         
algaeproduced:1KgoffishastotakeupallofthePproduced                          
fromthefishfarmsand1.56Kg:1Kgoffishtotakeupallof                             
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the N produced. Once again it can be concluded that for                     
SaccharinalatissimaNismoreeasilysequesteredthanPis.It                     
can be seen that they are bothveryvalidcandidatesintaking                       
up inorganic nutrients; at this point it is only a matter of                       
which of these algaes will more effectively take up nutrients                   
compared to the different case studies.  
 
If the Norwegian case study releases 33.69 g of N per                     
kilogram of fish along with 4.51 g of P per kilogram of fish,                         
and the Danish case study releases 38 g of N per kilogram of                         
fish and 4.12 g of P per kilogram of fish. It can beobserved                           
that the Norwegian case study releases less N per kilogram of                     
fishthantheDanishfishfarmbutitalsoreleasesmoreP,and                         
vise versa. The Danish case study releases less P and more N                       
than the Norwegian case study. Matching what we knowaboutthe                     
algaes Alaria esculenta and Saccharina latissima, they can be                 
matchedtothecasestudytheybestfitwithinordertointake                         
the most amount of nutrients the efficiently. As is known,                   
Alaria esculenta is more effective at taking up P then S.                     
latissima. This is perfect for the Norwegian case studyasthe                     
NorwegiancasestudyproducesmorePthantheDanishcasestudy,                    
meaning that in the Norwegian case study Alaria esculenta will                   
havemorePtotakeupperkilogramoffish.Also,S.latissima                        
isknowntobemoreeffectiveattakingupNthanA.esculenta.                        
This is perfect because the Danish case study releases more N                     
per kilogram of fish than the Norwegian case study, providing                   
evenmoreNforSaccharinalatissimatoutilize.Thusconcluding                  
that even though bothAlariaesculentaandSaccharinalatissima                 
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are both very effective at taking up nutrients, A. esculenta                   
will be more efficient in the Norwegian case study than the                     
DanishcasestudyandS.latissimawillbemoreefficientinthe                       
Danish case study rather than the Norwegian case study.  
 
As for the second research question, “do the conditions                 
provided by the case studies affect the efficiency of the                   
macroalgae to take up inorganic nutrients”, both the algaes A.                   
esculenta and S. latissima can thrive under the conditions in                   
both casestudies.TheDanishcasestudyprovidesconditionsof                   
water temperature below 16degreescelsiusforAlariaesculenta                 
togrowinandtemperaturesbetween10­15degreescelsiusfor                       
Saccharinalatissimatogrowin.TheNorwegiancasestudyisthe                     
same, temperatures under 16 degrees celsius to match both                 
algaes. Also the salinity of the case studies will have no                     
affect on these two algaes, and no other conditions can be                     
measured to make any type of conclusion that will affect the                     
abilityofthesetwoalgaestosequesterthenutrientsfromthe                     
two case studies.  
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Conclusion 
 
From the results presented above, we can conclude that                   
Alaria esculenta and Saccharina latissima are the two best                 
algaesoutofthefourthatwillbestcompensatefortheexcess                       
nutrient loading from the fish farms. As reviewed Alaria                 
esculentawillbebestfortakingupthenutrientspresentedby                     
the Norwegiancasestudy,andSaccharinalatissimawillbebest                   
fortakingupthenutrientspresentedbytheDanishcasestudy.                     
This informationcorrespondswithwhatwasfoundinthearticle                   
“Weight ratios of the kelps, Alaria esculenta and Saccharina                 
latissima, required to sequester dissolved inorganic nutrients             
and supply oxygen for Atlantic salmon, Salmo salar, Integrated                 
Multi­TrophicAquaculturesystemsbyReidetal.2013.Thesetwo                   
macroalgaes are used in aquaculture in many areas oftheworld                     
as a way of taking up inorganic nutrients andsupplyingoxygen                     
for areas of open cage fish farms. The informationgatheredin                     
thisprojectandtheresultsconcluded,verifytheeffectiveness                 
of S. latissima and A. esculenta in compensating for the                   
environmental pressures set forth by the two case studies. 
 
The growing of this macroalgae in close proximitytothe                     
fishfarmwillnotonlyremovetheinorganicwastebutwillalso                       
be of value to the fish farmers as this will help them expand                         
their industry.Usingthemacroalgaesnearthefishfarmshelps                   
find a secondary use for all of the inorganic nutrients                   
polluting the ocean water and causing problems in the ocean                   
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ecosystem. Withoutthepresenceofmacroalgaeorsomeotherway                   
ofgettingridoftheexcessinorganicmatterinthewater,the                       
fishfarmindustrywouldnotbeasimportantofafoodsourceas                        
itisintoday’sworld,andwouldnothaveroomtoexpandinthe                           
near future. Furthermore, the macroalgaes have many different               
usesforoncetheyareharvestedfromtheoceanwaterlikesugar                       
kelp or seaweed wrap, or even as agriculture crop fertilizer.                   
There are many different reasons for fish farmers to use                   
macroalgae to take up the excess nutrients from thefishfarms                     
and this project presents the best algaes to take up those                     
nutrients dependant on the conditions provided.  
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